As is the case with spinach ribulose bisphosphate carboxylase/oxygenase (Rubisco), 1'4qcarboxyarabinitol bisphosphate (CABP) bound to purified Chlorella Rubisco with a molar ratio of unity to large subunit of the enzyme. 
tion rate at saturating intercellular concentrations. Some support for this model was presented by several workers (8, 14, 28) but other results showed that, in a region where RuBP should be limiting, the concentrations of RuBP in the leaves exceeded the amount of active sites of Rubisco (5, 21) .
It is well recognized that the interpretation of experiments relating the control of photosynthesis at the level of RuBP requires a knowledge of the number of active Rubisco sites in the leaf (5, 8, 21, 28) . With the exception of a few prokaryotes (4) , all photosynthetic organisms (1) contain Rubisco with eight large and eight small subunits and eight active sites per mol of enzyme. The amount of Rubisco in photosynthetic organisms has been determined by immunological techniques (9, 16, 21) , but the purification of the protein and the preparation of antibody are time-consuming processes.
CPBP binds to Rubisco (9, 20, 22, 26) , and CABP, a structural analog of the transition state intermediate of the carboxylation reaction, binds with a Kd of 10-" M (22) . Rather than precipitating the ['4C]CPBP-Rubisco complex with antibody (9), we describe in this paper a modification of the method using PEG-4000 (18) to precipitate the complex. The concentration of binding sites and hence the amount of Rubisco can be determined in a few hours.
MATERIALS AND METHODS
In the last decade it has been possible to show that there are sufficient amounts ofall ofthe enzymes ofphotosynthetic carbon reduction cycle in leaves to sustain the maximum rates of photosynthesis that have been observed (23) . Under most conditions, then, the rate of photosynthesis is controlled not by the amount of any enzyme but by other factors. Of considerable interest, at the moment, is the control that can be exerted at the carboxylation reaction. Rubisco3 is a complex enzyme that must be activated (17, 19) , and the amount of active enzyme in the leaf may control photosynthesis (21) . Alternatively, Farquhar et al. (12) and von Caemmerer and Farquhar (27) (26) and purified by chromatography (20) . The prepared CPBP is an epimer mixture of CAPB and 2-carboxyribitol bisphosphate (20, 22, 26 25 ,000g for 15 min at 0WC, the resultant pellet and the centrifuge tube were extensively washed with 20% PEG-4000 containing the above solutes three times. The washed pellet was dissolved in 1 ml of 1% Triton using a Voltex mixter, and an aliquot of the Triton solution was used for determining radioactivity with a scintillation counter. The amount of Rubisco was estimated by multi- ' Since the prepared CPBP is an epimer mixture of CABP and carboxyribitol bisphosphate (20) and Kd of CABP is I05 times smaller than that of carboxyribitol bisphosphate (22) , CABP was considered to be the compound that bound to Rubisco specifically but CPBP was the compound(s) that was used for experiments.
plying the mol number of the determined RuBP-binding sites by 70,000, the mol wt of one large and one small subunit of Rubisco (1) .
Determination of Chl and Protein. Chl of Chlorella was determined with 100% methanol (25) and that of other algae and plants by the method of Arnon (3) . Colorimetric determination of purified Chlorella Rubisco was conducted according to the method of Bradford (7) Figure 1 . Although both methods gave the same value, we adopted the PEG method since amounts of extract in the reaction mixture up to 50 gg Chl (Fig.  3) . The linearity indicates that both specific and nonspecific bindings depend on the amount of protein in the reaction mixture.
In the present method using ['4C]CPBP, Rubisco in leaf or algal extract was incubated at 25°C for 1 h since the entity that binds to Rubisco with very low Kd is CABP and epimerization of carboxyribitol bisphosphate to CABP is a very slow reaction (22) . Attachment of ['4C]CPBP to proteins by covalent bonds through its phosphate groups was possible during the long time reaction, since crude leaf or algal extract was used in the present method. To find if this had occurred, the isolated ['4C]CPBPprotein complex was denatured with 5% SDS and subjected to gel filtration on Sephadex G-25 (data not shown). ['4C]CPBP that had originally been bound to the protein and the protein were separated from each other, indicating that there was no binding through covalent bonds.
Estimation of Rubisco Content in Plants and Algae. The Rubisco concentration in plants and algae was determined using the ['4C]CPBP-PEG method described above. The amount of protein-bound ['4C]CPBP increased linearly with increasing concentrations of ['4C]CPBP in the reaction mixture (Fig. 4) . The intercepts of the lines on the ordinate was determined by the least squares method with correlation coefficients close to unity. Two lines with different slopes were obtained in the estimation for wheat, but this seems to have been due to using different manufacturing lots of PEG-4000. Of importance is that the intercepts on the ordinates were constant. Table I (Fig. 3) . The nonspecific binding depends on the type of leaf extract, and the characteristics of the PEG-4000 but within any given conditions it increased linearly with concentration of ['4C]CPBP (Fig. 4) (Fig. 1 ). This indicates that CABP binds to the algal Rubisco with a low Kd, similar to that observed in the spinach enzyme. The Rubisco concentrations of C3 plants were similar to those reported earlier ( 16) but the value for wheat was lower than that reported by Perchorowicz et al. (21) .
In the C4 plants, corn and Panicum miliaceum, the Rubisco levels were 3 and 7 mg-mg-' Chl, respectively. These values are considerably greater than those reported for C4 plants by Ku et al. (16) , and the reason for these differences is not known. Certainly, the estimation of Rubisco content after separation of the enzyme on sucrose density gradients (6) would probably result in a great underestimation (16) . It may also be that the antibody to tobacco Rubisco does not quantitatively precipitate the enzyme from C4 plants (16) .
The Rubisco content of green algae and Euglena was considerably less than that of C3 plants but similar to that reported for Chlamydomonas (28) . The Rubisco content of blue-green algae, on the basis of Chl, was higher than that in green algae. In both green and blue-green algae, the Rubisco content was affected by the CO2 concentration during growth, with cells grown on high CO2 concentrations having the higher enzyme levels. In contrast, the Rubisco content of Euglena was not affected by CO2 concentration during growth, as observed with Chlamydomonas (28) .
The accurate determination of Rubisco content in plants and algae in a few hours at the same time makes it possible to discuss the functional proportion of the enzyme in photosynthetic CO2 fixation among these organisms. In C3 plants, such as spinach, pea, and soybean, the determined Rubisco content may guarantee the photosynthetic rate at 800 to 900 ,umol CO2 fixed mg-' Chl h-', provided that the specific activity of the enzyme is 2.2 ,gmol mg-' Rubisco min-' (18) . Comparison of the predicted CO2 fixation rate with the actual photosynthetic rate of leaves indicates that Rubisco participates in photosynthesis with 25 to 30% of its full activity even in the presence of saturating CO2 and light in these plants. In contrast, green algae and Euglena contain much less Rubisco than these C3 plants even though these microorganisms fix CO2 at similar rates. Nearly full activity of Rubisco must be needed during photosynthesis in these organisms.
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